the 1890s, he not only removed the stapes but also covered the exposed oval window with a vein graft and then reconstructed the ossicular chain with a polythene strut (Shea 1958) . Such an operation would be inconceivable without the use of an operating microscope. This original Shea operation was abandoned when it was found that the polythene strut could cause pressure necrosis of the lentiform process of the incus. Shea (1963) later devised a piston made of a plastic material (Teflon) which was shaped to attach to the incus, and this modification of his original operation remains one of the most popular methods today. Other techniques involve the use of wire, stainless steel pistons and the repositioning of the broken anterior crus from the otosclerotic stapes so that it bridges the gap between incus and the mobile graft covering the oval window.
The modern operation of stapedectomy with reconstruction restores the hearing in over 90% of otosclerotic patients. Persistent vertigo can occur particularly in patients aged over 6S years, and 2% of patients lose their hearing entirely as a result of the operation. Some cases of bilateral cochlear failure have occurred several years after apparently successful surgery on both ears. Even though such complications are extremely rare, the availability of effective hearing aids renders it foolhardy ever to operate on both ears. The advances in the surgery of otosclerosis clearly were dependent on the introduction of the operating microscope. The ENT surgeon should be proud that this innovation had its roots in his specialty, for its impact has now spread not only to other operations in his own field but to become a vital aid for surgeons working in other areas. skills. It is now possible to repair vessels of around I mm in diameter and achieve patency rates of 95% in a large series of repairs. Techniques are straightforward but must be learnt carefully and practised to perfection.
Thick-walled arteries are easier to deal with than thinner, fragile veins. Both vessels, however, can be joined by simple end-to-end anastomosis with a high rate of success. It is not uncommon in clinical practice for vessels of between 0.5 mm and 1 mm in diameter to be united in this way. Discrepancy in the diameter of the two vessels to be joined is a problem which is encountered not infrequently and can be overcome by cutting the smaller vessel obliquely to increase the circumference of the anastomosis. Occasionally, end-to-side anastomoses are performed. This technique is useful if it is desirable to maintain distal flow through the recipient vessel. Small reversed vein grafts are sometimes used to span defects in either arteries or veins. These grafts are taken from the dorsum of the foot or the volar surface of the wrist. This technique may be required in replantation surgery. Clinical applications of these microvascular techniques are threefold: replantation of amputated digits and limbs; transplantation of digits; and transfer of tissue from one area to another in a single stage.
Replantation and hand surgery
Much of the early work in this sphere was carried out in several Chinese centres (Chien 1966 ,Sixth Peoples Hospital Shanghai 1967 ,but many surgeons in countries throughout the world are now performing this surgery. If amputated parts are kept cool during transportation by placing them in a clean polythene bag, laid on top of, but not in direct contact with, ice and then kept cool during surgery, one can attempt to replace clean amputations of multiple fingers or a single thumb. Guillotine or limited local crushing injuries, in which only a narrow band of tissue is damaged, are ideal situations for this surgery. Severe crushing injuries are not suitable and avulsion injuries do badly because damage to vessels occurs over a length. For a finger amputation it is necessary to repair one artery and two dorsal veins. Not only are the vessels repaired but tendons and nerves are also united after the bone has been shortened and fixed.
Although some surgeons who perform this surgery replant single digits, it is questionable whether one should do this except in the case of the thumb, since despite early physiotherapy tendon recovery is sometimes poor and sensory return is limited. If the remaining fingers are undamaged, the patient may fail to use the replanted finger because it is stiff and relatively insensitive. It is then debatable whether the prolonged surgery and the lengthy hospitalization are worthwhile when compared to amputation and early return to work. Because of its importance, an attempt should always be made to replace the amputated thumb and occasionally avulsion injuries are treated by using long vein grafts to span defects in damaged vessels.
Single finger amputations in children are also replanted on occasions. They do very well in the long term because tendon and nerve recovery is good. Ifall the fingers have been amputated it may not be possible to replant them all in their correct position because of different degrees of injury suffered by the distal and proximal stumps. A finger may then be transposed to give a better functional result. For example, it may be worthwhile replanting a ring finger onto the index finger stump so as to restore thumb pinch. Incomplete amputations give better results and any small soft tissue pedicle that remains intact should be preserved since it may well contain an important vessel.
The problems encountered in limb replantation are technically similar and to some extent easier because ofthe larger size vessels, but there are differences which influence the prognosis: muscles tolerate ischaemia badly and mixed nerves have further to regenerate. Nevertheless, ifthe injury is of a suitable type surgery is always worthwhile since, if successful, the functional results are usually far better than anything that may be offered by an artificial hand.
Microvascular techniques can also be used with great effect in hand injuries not involving amputation. Damage to isolated blood vessels and nerves can be repaired and injuries to multiple structures can be treated more effectively. For example, injuries of the wrist where tendons, nerves and blood vessels are divided can be repaired totally using the microscope.
Recovery is better in the presence of a restored blood supply and the magnification improves the results of peripheral nerve repair.
Digital transplantation
Techniques learnt from replantation surgery have been used in the reconstruction of the missing thumb. By anastomosing the digital vessels it is possible to transfer the great toe to the hand in cases where the thumb has been lost (Cobbett 1969 ,Buncke et al. 1973 . Postoperative difficulties were encountered in early cases and reexploration was necessary to reanastomose small occluded digital vessels.
The technique of toe-to-hand transfer has recently been made safer and easier by using the larger dosalis pedis artery and long saphenous vein which supply the first and second toes (O'Brien et al. 1975) .These vessels are joined to the radial and cephalic vein just distal to the wrist. One problem created by this form of reconstruction is a secondary defect on the foot which can be troublesome and may lead to weight-bearing problems. This can be overcome by using the second toe, as the secondary defect is more acceptable and it too is supplied by the vessels mentioned. This toe has also been used to reconstruct absent fingers in a hand with a normal thumb but missing digits (Ohmori & Harii 1975 ). More than one toe has been transferred to replace fingers in such a situation (Ohtsuka et al. 1977) .
Tissue transfer by microvascular anastomosis
The indications for digital replantation and transplantation are limited and the use of these techniques is not common in general plastic surgery units. The transfer of tissue from one part of the body to another in a single operation has wider applications. It is of special interest to the plastic surgeon as it represents a development in flap surgery. To some extent this advance came about by a fortunate coincidence. As our knowledge of the techniques of microvascular surgery was developing, the axial pattern flap was defined and its use became widespread (Smith et al. 1972 ,Smith 1973 , McGregor & Morgan 1973 .
These flaps are found in various parts of the body. The forehead, groin and deltopectoral flaps have been known for some time (Esser 1934 ,Dunham 1893 (cited by Conway et al. 1952 , Bakamjian 1965 , Shaw & Payne 1946 , McGregor & Jackson 1972 , and other territories of skin which are suitable for microvascular transfer have been described more recently (McCraw & Furlow 1975 , Taylor & Daniel 1975 . It was therefore not long before an axial pattern flap, which has predictable territory supplied by definite named blood vessels, was transferred in one manoeuvre using microvascular techniques to link its vessels to a suitable artery and vein in the recipient site. The first case report appeared in 1973 (Daniel & Taylor 1973) and since then many workers have published case series. These flaps have been called 'free flaps'. The advantages of this method of flap cover are considerable. Although the operation itself may be prolonged and requires a high degree of skill, the patient may be saved several operations and many days in hospital if the procedure is successful (Serafin et al. 1977) .
Skin defects, which would normally be treated by multi-stage distant flap transfer, can now be covered in one operation. The example par excellence for the use of the free flap is the treatment of compound wounds of the tibia and fibula where there is skin loss. Cross-leg flaps are difficult to handle, need two operations and require immobilization in an awkward position for at least 3 weeks. They have a high complication rate (Dawson 1972).Occasionally they are not possible because of associated injuries to the same or opposite leg. Here a free flap is ideally suited to the job. Tube pedicles transferred on an intermediate carrier (jump flaps) have also, to some degree, been superseded by the use of a free flap since the patient can have one operation instead of three or four separated by long intervals. Joint stiffness is avoided and the need to be in hospital for a long stay is reduced. High complication rates have also been reported with tube pedicles (Stranc et al. 1975) .
. When considering what method of flap cover is best suited for the treatment of a skin defect of whatever cause, it is now necessary to add the free flap to the list of possibilities. The latest development in this form of surgery has been the addition of a sensory nerve anastomosis in an attempt to restore some protective sensation to flaps which cover areas such as the sole of the foot or the palm of the hand. Free flaps taken from the dorsal surface of the foot or the first web space have been used in this way (Daniel et al. 1976 , Ohmori & Harii 1976 , May et al. 1977 . The omentum has also been used to cover irregular large wounds, but a skin graft is necessary to cover its raw surface (McLean & Buncke 1972) . This structure has also been transferred on a microvascular pedicle to provide subcutaneous padding where a severe contour defect is present, for example, lipodystrophy of the face and facial hemiatrophy (O'Brien 1977) .
Free transfer oftissue otherthanskin
The indications for the transfer of tissue other than skin in a single stage are less common, but in selected clinical situations there are advantages in this technique. For some time segments of gut have been transferred by microvascular techniques to reconstruct the cervical oesophagus (Seidenberg et al. 1959 )and bone and muscle have now been used in a similar way.
As these structures are vascularized by an immediate microvascular link-up, their survival is not reliant on a vascular bed and here they have an advantage over free grafts. The fibula and rib can be used. The former is available for reconstruction of large defects in long bones by anastomosing the peroneal vessels from which its nutrient blood supply arises, and the latter by using the intercostal vessels which supply the rib through the periosteum. Tibial defects can be repaired in this way ) and the rib is ideally shaped for mandibular reconstruction following resection and radiotherapy (Ostrup & Fredrickson 1975 , O'Brien 1977 .
Muscle can also be transferred on a neurovascular pedicle. Pectoralis major has been used to restore forearm flexor muscles in Volkmann's contracture (Ikuta et al. 1976 )and the gracilis muscle has been used in facial palsy (Harii, Ohmori & Torii 1976) . The extensor digitorum brevis muscle of the foot is also a suitable shaped muscle for this purpose and it too can be transferred to the face (O'Brien 1977) .
There is no great difficulty in restoring blood supply by microvascular anastomosis to the facial vessels, but reinnervation by microneural anastomosis is more difficult. This can be achieved by a cross-facial nerve graft (Anderl 1973) or by using a length of the muscle's own anterior tibial nerve to bridge the gap to the peripheral branches of the opposite undamaged facial nerve (Thompson & Gustavson 1976) . Flaps composed of more than one tissue have also been transferred on a microvascular pedicle, e.g. skin and muscle (Harii, Ohmori & Sekiguchi 1976) , bone and skin (Buncke et al. 1977) . Joints have been successfully moved in the experimental animal (Buncke et al. 1967 ), but it is hard to imagine the clinical application of this technique because of the difficulty in finding a suitable donor joint and the widening use ofjoint prostheses.
Lymphaticovenous surgery
Although not strictly within the brief of this paper, this is a topic which is of interest to the plastic surgeon. It has been shown experimentally that lymphatics can be anastomosed to veins with a high success rate over several months (Gilbert et al. 1976 ). This technique has been used in the treatment of secondary lymphoedema, mainly following radical mastectomy and radiotherapy, and it has been shown that clinical improvement can be offered if surgery is backed up by careful postoperative regimes of elevation and bandaging . It is yet too early to say whether this work will offer great advantages over existing techniques for the treatment of this difficult condition.
